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" 4 The highest rates have tended to occur in the South Atlantic or East South Central regions, and the lowest in the Middle Atlantic or Mountain regions. Over this period, the ratio of rates in the highest to lowest states has been in the neighborhood of 2.0 and the ratio for regions a little less than 1.5. A study of death certification practices concluded that these differences in mortality from stroke were largely real. 6 Among the factors looked at as possible explanations of these geographic differences has been hardness of drinking water. In his pioneering study of water characteristics and strokes, Kobayashi reported a close relationship between death rates from apoplexy in Japan and a measure of water acidity, the ratio of sulfates to carbonates. 6 Schroeder attempted to confirm this finding in the United States, but found only a slight correlation of the sulfate-bicarbonate ratio with coronary heart disease. Total hardness, however, showed significant associations with a number of cardiovascular causes of death. In his first paper, Schroeder merely mentioned that the correlation of stroke deaths with water hardness was significant for the age group 55-64. 7 A later paper during the same year reported a correlation of -0.33 between the age-adjusted death rates from stroke in 1949-51 and the weighted average of the hardness of finished water by states. 8 A slightly smaller negative correlation was noted in 1960 for the 88 largest cities in the U.S. for white and nonwhite males 45 to 64 years-of-age. 10 An unfortunate feature of most studies in this field is the use of correlation coefficients to express the degree of association between mortality and water hardness. Although the sign of the coefficient does indicate the direction of the association, it is possible to have a high degree of correlation and yet have a change in risk from soft to hard water that is so slight as to be essentially meaningless. The regression coefficient is a much better indicator of the strength of an association, and has a number of other advantages over the correlation coefficient, as pointed out by Neri, Mandel and Hewitt. 11 In the 2 studies in which a regression coefficient is available 11 -12 the estimated risks of stroke death associated with very soft water (0 ppm CaCO 3 ) were 1.15 and 1.03 times higher than the risks associated with very hard water (200 ppm CaCO 3 ).
Another major difficulty with previous studies on this topic is that the only individual characteristics that could be taken into account were race, sex, and age. The present study attempts to overcome this particular difficulty. It is prospective in nature, identifies a number of additional personal and socio-economic characteristics initially, and follows an identified group of subjects for a period of 12 years. It adds thereby to the general descriptive epidemiology of stroke, as well as providing a different look at the association of strokes with water hardness.
Methods and Procedures
Washington County is in western Maryland, lying largely in the broad valley between the Blue Ridge and the rest of the Appalachian Mountains to the west. Its southern boundary is the Potomac River. The mountain rocks are mostly of igneous origin, while those in the valley are mostly limestone.
Hagerstown, the central city, obtains its water from 2.sources: soft surface water from the Blue Ridge and moderately hard water from the Potomac River. Because water from the Blue Ridge is less expensive to treat and to circulate, it is used in preference to river water. Water supplied to the northeastern edge of Hagerstown and to homes along the distribution system on that side of the city is almost always soft Blue Ridge water. Hagerstown water to the southeast is almost always moderately hard river water, while the central city areas obtain water of intermediate hardness, varying with the availability of water from the Blue Ridge reservoir. There are 10 small towns in the county, with a variety of water supplies, ranging from soft to very hard. The other major sources in the county are deep wells for individual homes, providing hard to very hard water in the limestone areas and soft water in some of the mountain areas. Miscellaneous sources, such as cisterns, bottled water, shallow wells (less than 50 feet in depth), and springs, have been excluded from the study.
In the summer of 1963, a private census was conducted in Washington County which provided information on an estimated 98 per cent of the households. 13 This information included race, sex, birthdate, marital status, years of schooling, smoking history, frequency of church attendance (a variable related to mortality apparently because it provided a measure of the ability to be mobile"), length of residence in the present domicile, and source of drinking water classified as city, deep well, shallow well, cistern, spring, and other. A housing index was constructed from the presence in the home of following 5 items: running water, complete bathroom, central heating, electricity or gas as cooking fuel, and a telephone. The presence of all 5 items, weighted equally, gave a score of 5; the absence of all five, a score of 0. Water hardness in the county has been determined during 4 periods between 1963 and 1975. The first determinations were for a case-control study of arteriosclerotic heart disease deaths in males; 16 the second, for a similar study among females; 16 the third, for a study of depressed mood and lithium in the drinking water; 17 and the fourth, for a representative sampling of municipal sources and individual deep wells. 18 Hardness was determined by the Complexometric Hardness Titration method, using 0.02 normal solution of disodium dihydrogen ethylenediamine-tetra-acetate, and reported as parts per million of calcium carbonate. The determinations were made without knowledge of the source of the individual specimens.
Because the 1,569 water samples from the 4 studies were collected over a period of several years, in all seasons, and in climatic conditions ranging from drought to excessive rainfall, it is believed that they reflect the long-term water hardness characteristics of the various areas in the county rather well. The geographic units selected for this analysis were the 91 enumeration districts of 1960 and 1963. Two were excluded: one, the town of Sharpsburg, because of a major change in its water supply, and the other because it is occupied solely by state penal institutions. Of the remaining 89, there were 42 that contained only study subjects who had municipally supplied drinking water at home, 22 with only subjects whose home drinking water came from deep wells, and 25 with some subjects who had municipal supplies and some with deep wells. The last group of 25 enumeration districts was treated as if each were composed of 2 subdistricts, one with municipal supplies and one with individual deep wells. This yielded a total of 114 geographic units, each of which was classified according to the median hardness of its drinking water supplies in the sample of 1,569 tested specimens. These units were then grouped into 6 water hardness divisions according to their median hardness values.
Death certificates for residents of Washington County dying during the 12-year period July 15, 1963, through July 14, 1975 , have been coded by the staff of the Training Center for Public Health Research. Using the 7th Revision of the International Classification of Disease, all conditions mentioned on the death certificates were coded in addition to the underlying cause of death. Codes 331, 332, and 334 (cerebral hemorrhage, cerebral thrombosis and embolism, and other and ill-defined vascular lesions affecting central nervous system, respectively) were classified as strokes for the purposes of this study.
In 1971, the current residence of a 5 percent sample of the 1963 census population was ascertained. This information has been used to estimate the probability that an enumerated person was living in the county at the mid-point of this study, namely July, 1969.
Because the distributions by age, marital status, years of schooling, housing index, smoking and church attendance all showed significant variations between the 6 water divisions, it was necessary to adjust the death rates for any effects of these dissimilar distributions. This was done by binary multiple regression, using a method described by Feldstein. 19 In this method, each subclass of every variable is treated as a separate regressor with a value of 1 or 0, depending on whether the subject falls into a particular subclass or not. The method assumes that the effects of all variables are additive but requires no assumption that the relationships between independent and dependent variables are linear. 20 Deviations from the average risk of dying can be readily calculated from the regression coefficients 21 and these deviations are then converted into adjusted rates by adding them to the average risk of dying, paying attention to sign.
Results
A total of 36,860 persons over the age of 25 years in 1963 comprised the initial study population. All were whites, there being too few nonwhites to yield meaningful results. Among these subjects in the ensuing 12 years, there were 1,089 deaths with stroke mentioned on the death certificate. Stroke was considered to be the underlying cause of death in 784 instances.
Deaths for which the diagnosis of stroke was mentioned are shown as average annual rates per 10,000 estimated mid-point population in table 1 for several demographic and socio-economic characteristics, separately for males and females. For each sex, these rates have been adjusted for the effects of other variables in this table, as well as for the effects of water hardness. The rates of stroke-associated deaths rise steeply with age, more steeply for females than for males, a pattern somewhat different than that for the U.S. as a whole, where the increase with age in 1960 was almost identical for the two sexes. 22 After adjustment, there is little evidence that the other factors in table 1 are related to the risk of stroke-associated death. One exception is that there is a decreased risk for persons who were classed as married in the 1963 census, but this achieves statistical significance only for females. The other exception is a negative association with frequency of church attendance, again among females, and largely the result of a high rate among women who did not go to church. As noted in earlier studies from this area, neither socio-economic status nor cigarette smoking is related to strokeassociated deaths.
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Stroke-associated deaths also showed no significant relationship with the mean hardness of drinking water in the areas of residence (table 2) . There was a slight suggestion, however, that the adjusted rates might be somewhat lower in the 3 water divisions with the hardest water than in the other 3 water divisions. There is also the probability that the associations with water divisions in table 2 might be confounded by the fact that residents of the city of Hagerstown and its suburbs make up the great majority of the population in water divisions B and C, and a substantial portion of the population in water division A.
In an effort to disentangle the effects of water hardness from urban-rural effects, the data were subdivided into 12 groups: 2 sexes, 3 water sources (Hagerstown; small towns; individual deep wells), and 2 durations of residence in the home prior to the 1963 census (less than 7 years; 7 years or more). Within each of these 12 groups, stroke-associated death rates were calculated by water divisions. The Hagerstown supply contributed to water divisions A, B and C; the small town supplies to divisions A through E; and the individual deep wells to divisions B through F. All of the rates were again adjusted for the effects of the variables in table 1.
The results of this more detailed analysis are shown in the figure as the adjusted rates of stroke-associated deaths by the mean water hardness of the relevant water divisions. The rates are consistently highest for persons who in 1963 had lived in the same house for 7 or more years. This does not necessarily reflect a hazard of residential stability but rather the fact that these populations were older than the people who had not lived that long in the same house. The adjustments were done within each of the 12 groups, not among them.
No statistically significant relationships of water hardness with stroke-associated deaths were demonstrated in any of these 12 groups. Of the 12 regression lines calculated to provide the best straight line fit for the observations plotted in the figure, 7 had a negative slope and 5 a positive slope. It should be noted, however, that all the slopes for the long-term residents were negative, one of the few facts consistent with the hypothesis that soft water in Washington County might be related to strokes.
Discussion
Virtually all reports of the association of mortality with water hardness have used as their study units large geographic entities, such as states, municipalities, or their component districts. Death rates for each area were compared with hardness of the finished water at the treatment plants. Usually, but unfortunately not always, the effects of factors most likely to cause confounding such as race, sex and age, were removed by using specific or adjusted rates. Much less often have the possible effects of socioeconomic or climatic factors been taken into account.
In the introduction, several U.S. studies were cited that pointed toward a negative correlation between drinking water hardness and stroke deaths. 6 
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12 Some other studies in the United States have not confirmed the association of soft water with increased stroke deaths. For example, Winton and McCabe, using rank-order correlations for 135 central county areas with well-defined water sources, found strokes to be positively correlated with hardness. 24 Stroke mortality in the 4 regions of North Carolina did not vary with water hardness 25 nor did it in 2 studies which compared 2 different sets of 3 communities that seemed to be similar except for water hardness. 26 ' 27 An intriguing finding by Morton was that an association of stroke mortality with soft water was found in Studies in other countries, excluding those in which no sex and age standardization was done, generally agree in finding negative associations of stroke mortality with water hardness.
11 -12> 29~33 Only 2 discordant findings have been reported. One study in England, using proportionate mortality, found a slight curvilinear relationship, with the lowest mortality in areas with the softest and the hardest waters. 34 In Hannover, Germany, a city served by 5 water supplies, there was no discernible correlation, but all 5 sources had hard to very hard waters. 35 Crawford and her co-workers looked for other evidence bearing on this association. 36 They identified 5 county boroughs in England that had increased and 6 that had decreased the hardness of their drinking water during the previous 30 years. Among those with increased water hardness, stroke mortality decreased by 6% for males and 22% for females. When the water hardness was decreased, male stroke mortality was unchanged while female mortality decreased by 16%. These changes, however, caused few shifts from one water hardness category to another. Of the towns with increases in hardness, only one changed from soft to moderately hard water, one changed from moderately hard to hard, and the others remained in the hard or very hard category. Of those with decreases in hardness, one changed from hard to moderately hard; the others all remained in the very hard category. Clearly, these "natural" experiments did not adequately test the effects of changing from soft to hard water or vice versa.
While the use of relatively large geographic entities has advantages both with respect to accessibility of data and to the increased probability that individuals have the same drinking water at home and elsewhere, misleading findings might result from the ecological fallacy, as pointed out by Susser. 37 For example, if the estimates of the Water Quality Association are correct, 38 a very high proportion of persons in some U.S. communities may be drinking softened water although they would be classified as residents of hard water areas by the usual method of analysis.
An alternative is to study individuals and the hardness of drinking water as it is supplied to their homes. 15 ' l6 This approach removes any possibility of the ecological fallacy and, more importantly, allows adjustment for the effects of a number of personal variables that cannot be assessed from community statistics. The drawback to this approach is that the number of subjects is perforce limited, and allowances for hardness of drinking water away from home cannot be made.
A compromise taken in the present study was to The problem of exposure to drinking water away from home was approached by examining the mortality of men and women separately. In a random sample of 2,691 adult residents of Washington County between 1971 and 1974, only 39 percent of the women were employed compared to 80 percent of the men. Presumably, therefore, women in this area are appreciably more exposed to drinking water at home than are the men, and any differences attributable to drinking water ought to be more marked among women.
Fortunately, mobility has not been a major problem in this county. Losses from emigration and deaths have been accounted for by using a mid-point study population calculated from the results of an investiga- Of all the factors examined in this study, only age has an important relationship to stroke mortality. There is no satisfactory evidence that drinking water hardness at home is related to the prevalence of stroke at death, nor to deaths allocated to stroke as the underlying cause, which showed an essentially similar pattern.
On the basis of current evidence, it seems unlikely that strokes are related in any important way to water hardness. Reports of various studies give inconsistent results, some showing negative and some positive associations. The "dose-response" curves in this study (figure) are highly irregular. There is no experimental evidence or biological explanation to make such an unsystematic association plausible. Fear of strokes should not deter anyone from drinking soft water.
Unfortunately, it is exceedingly difficult to prove or disprove the reality of very low relative risks, say on the order of 1.2. Sampling errors, study defects, and confounding factors can easily obscure or magnify such weak associations. And yet it seems worthwhile to keep on trying. So many people are exposed to soft drinking water, and water treatment is so simple that removal of even a risk as weak as this could prevent much disability and death in the aggregate if a risk could be unequivocably demonstrated. Conversely, much concern could be alleviated if no risk could be found. It is to be hoped, however, that future studies will be much more sophisticated than almost all of their predecessors. A STROKE REGISTER (which included subarachnoid hemorrhage (SAH) infracerebral hemorrhage (CH), cerebral infarction (CI), but excluded transient ischemic attacks, (TIA) and subdural hematoma) was operated for Ibadan, Nigeria, from April 1, 1973 to March 30, 1975 and O.B.) In others, the diagnosis was based on the case histories and results of available investigations. Follow up after discharge from the hospitals was difficult, for in addition to shortage of personnel, incorrect addresses given by patients made tracing an uphill task and many patients did not return to the clinics for evaluation. The population data for Ibadan, provided by the Ministry of Economic Planning, Western State of Nigeria, were based on projection of the 1963 census.
Incidence of Stroke in an African
Results During the 2 year period, 318 patients were registered and this number almost certainly represented the minimum for most of the patients were seen in hospitals and nursing homes. Table 1 shows that the male to female ratio is 5 to 2 compared with a male to female ratio of 1.3 to 1 in the population. The peak age-specific incidence in the male is in the eighth decade and in the female in the 7th decade, with higher incidence rates in males than in females in almost all age groups and generally low incidence rates in those below the age of 40 years. The apparently low incidence rates in 8th and 9th decades
